Abstract. The snout-vent length (SVL), a conventional measure of overall body size in lizards and snakes, is used in a wide variety of ecological, evolutionary, and taxonomical studies. Trends in SVL variation are often analysed using data from several researchers (observers), but possible confounding effects due to inter-observer differences in measurement protocols have never been appropriately examined. This study reports inter-observer biases between eleven herpetologists who measured the same specimens of the Eurasian common lizards (21 adult specimens were examined by eight observers and additional 192 specimens by two observers). Intra-observer bias over time (1.5-15 months between measuring sessions) was also estimated. In the vast majority of comparisons, mean difference between the first author and another observer varied from −1.0 to +0.8 mm, or from −1.9 to +1.6% if expressed as a percent of the specimen's SVL value. Some non-regular effects of sex and study sample on the studied bias were revealed, and their possible reasons are discussed. We are advising the researchers who intensively collect SVL and other morphometric data to consider testing intra-observer and inter-observer biases and to establish etalon samples available for re-examinations.
Introduction
Body size is a fundamental phenotypic characteristic of the organism, important in various biological contexts (e.g., Brown et al., 1999;  Blanckenhorn, 2000; Meiri, 2008) . Squamate reptiles, snakes and particularly lizards, belong to favourite models of evolutionary and ecological studies which address body size variation. An overwhelming majority of studies on snakes and lizards use the snout-vent length (SVL) as a measure of overall size (Shine, 1994; Cox, Skelly and John-Alder, 2003; Cox, Butler and John-Alder, 2007) . Indeed, for elongated animals, SVL is a reasonable body size estimator. Although body mass could be the most relevant indicator of overall size, it typically varies with reproductive status, fat storage, digestive state, and state of the tail. Therefore, body mass data are collected much less frequently than those on SVL (e.g., Meiri, 2010) . Other traits of lizard morphometrics (abdomen length, leg length, and head dimensions) are also recorded much less often as SVL, especially in mark-recapture studies. SVL is thus the principal body size estimator which is used in extensive comparative analyses of multiple populations and/or species -e.g., when treating Bergmann's rule. For a better covering the studied variation, such analy-ses often incorporate data from several independent studies (e.g., Niewiarowski, 1994; Tracy, 1999; Ashton and Feldman, 2003; Angilletta et al., 2004; Roitberg, 2007; Meiri, 2007) . However, individual observers may differ in the measurement protocol (e.g., one investigator can stretch a lizard's body more than another) resulting in inter-observer variability sensu J.C. Lee (1990) . It is tacitly assumed that effects of this variability are minor as compared to the effects under study. However, data on interobserver biases in lizard morphometrics are very scarce and, to our knowledge, restricted to one study (Pérez-Mellado and Gosá, 1988) . Even for external morphology of reptiles, amphibians, and fish in general, relevant studies are rare and involve only two observers (Lee, 1990; Hayek, Heyer and Gascon, 2001; Mina, Levin and Mironovsky, 2005; Mironovskii, 2006) .
In this paper we examine inter-observer biases among eleven herpetologists who recorded SVL on the same museum specimens of the European common lizard, Zootoca vivipara. The problem of inter-observer bias is particularly relevant for this species. Its huge geographic range -much of the northern Palaearctic from Spain to Japan -can hardly be appropriately covered within a single investigation. At the same time, quite many students throughout Eurasia extensively collected SVL data from local or regional samples of Z. vivipara for various research purposes. Careful summarizing these data could provide insights into phenotypic diversity of this widespread species and also contribute to several important topics of evolutionary ecology like eco-geographic clines and allometry of sexual size dimorphism.
Material and methods
Our data include two subsets. Twenty one adult lizards (Sample 1) were measured by seven of us and Antigoni Kaliontzopoulou (AK) within a relatively short time (Nov. 2009 -September 2010 . Additionally, ESR measured SVL in 192 museum specimens previously examined by one of the other observers (table 1); in this subset the time elapsed between the two examinations constituted a few days for OIZ, six years for MF, ten years for AC, and some 20 to 30 years for VFO. Furthermore, to estimate intra-observer bias over time, 47 of the 213 study specimens were repeatedly measured by the same observer, OIZ or/and ESR (table 2, fig. 1 ), 1.5-15 months after the first examination. Before being examined first time the study specimens were kept in preservative during at least two years, so that preparationinduced shrinkage of SVL (Verwust, Van Dongen and Van Damme, 2009 ) apparently ceased.
Sample 1 was collected in the middle stream of the Ob' River (West Siberia) during July-September 2007. The freshly euthanized animals were placed into 4% formalin for 60 days and then were kept in 70 • alcohol. Some other study specimens were also fixed and held some time in formalin before being placed to alcohol, while the others have been prepared with alcohol only. The overall preparation quality of this material varied from very good to moderate. Further details are given in table 1 and the Appendix. No animals have been sacrificed for the present study.
Except two of us (NAB was supervised by VNK, and AK by MAC as graduate and then a PhD students) the observers listed in table 1 can well be regarded as independent Table 2 . Summary statistics for intra-observer and inter-observer biases in measuring snout-vent length (SVL) of the common lizard. In each raw, positive bias indicates larger measurement value in the first observer vs the second observer, and negative bias indicates lower measurement value in the first observer vs the second observer. P is the probability of null-hypothesis that the mean bias does not differ from zero, and P (m + f) is the corresponding probability for the pooled sample of males and females. Bold values are those which remained significant (P < 0.05) after the sequential Bonferroni adjustment (Rice, 1989) researchers, and we assume them to form a representative sample from a community working on lacertid lizard morphometrics. All operators were asked to record test measurements in their usual way (e.g., some operators use a rule, the others use dial callipers). As a great amount of data had already been collected before we started to collaborate, our intent was merely to estimate the existing biases rather than to standardize individual techniques of measuring the trait and reading the values from the device.
The main target variable was the bias (difference) between ESR (the observer who measured all study samples) and another observer. Similarly, the difference between the first and subsequent measurements of the same observer was used to quantify the intra-observer bias. For each test series -a unique combination of the operator pair, study sample, and sex -we checked whether the mean bias differed significantly from zero (one-sample t-test, adjusted for multiple comparisons, table 2). Using several ANOVA models, we checked whether the above bias varied (1) between sexes and among study samples within a pair of observers, and (2) among individual observers and between the groups of observers which used different measuring device. For some of these analyses, a transformation Y = ln(x+10) was used to meet an assumption of homogeneity of variances.
Additionally, for the SVL values taken on sample 1, we performed a repeated-measures ANOVA (rm-ANOVA), Observer × Sex. Also, for the first and subsequent measurements of the same observers (ESR, ESR2, ESR3 for Sample 1; ESR, ESR2 for Sample 2; OIZ, OIZ2 for Sample 2; cf. table 2) three rm-ANOVAs, Measuring session × Sex were run to analyse intra-observer variation. Because of a highly significant deviation from sphericity in some of these analyses (Mouchly's W = 0.014, P < 0.001), GreenhouseGeisser test of within-subject effects was used. A transformation Y = 1/SVL 2 was used to reach homogeneity of variances. Table 1 describes the variation of SVL in the study samples. Table 2 provides sample statistics for raw biases within and between observers, and fig. 1 summarizes variation for relative biases, expressed as a percentage of the specimen's SVL, averaged for a corresponding pair of observers (or measuring sessions of the same observer).
Results
For most observers (Observer × Sample × Sex combinations) the mean raw bias varied from −1.0 to +0.8 mm, being somewhat higher (2.2 mm for females) for MAC measurements (table 2) . Raw biases for individual specimens were mostly within −2.5 and +3.5 mm, with two deviating values of −3.5 and +4.9 mm (table 2). The relative bias varied mostly from −1.9 to 1.6% for mean values and from −7.3 to 9.5% (mostly from −4.7 to 6.1%) for individual specimens ( fig. 1 ).
Intra-observer biases were clearly smaller than the largest third of the inter-observer biases: extreme values ranged from −1.0 to +1.5 mm for ESR and from −2.0 to +2.0 mm for OIZ; means and medians ranged from −0.14 to +0.54 mm for ESR and from −0.50 to 0.0 mm for OIZ (table 2; see also fig. 1 for relative values). The smallest third of the inter-observer biases were of the same magnitude as those within observers.
As no consistent correlation between the raw bias and the SVL value of the corresponding specimen was found within study series (in only two of the 26 inter-observer test series and one of the 8 intra-observer test series, the productmoment correlation coefficient reached 0.01 < P < 0.05, and these become insignificant if adjusted for multiple comparisons; 17 coefficients were positive and the other 17 were negative), we restrict our analyses to raw biases.
For sample 1 which was examined by eight observers, a two-way rm-ANOVA revealed a significant effect of Observer (F = 15.21, df = 2.98, P < 0.001) but not the Observer × Sex interaction (F = 0.49, df = 2.98, P = 0.693). Significance of inter-observer differences can also be seen from table 2: in many test series (Observer × Sample × Sex and Observer × Sample combinations) the mean bias differed significantly from zero.
The rm-ANOVAs made for the three Observer × Sample combinations for which repeated measurements had been made (see the Methods section) revealed a significant effect of Measuring session (F = 5.06, df = 1.717, P = 0.014) for ESR measurements of Sample 2. This P value remained significant after Bonferroni correction (multiplying by 3).
To estimate whether a bias between particular observers can differ for males and females and/or among study samples, ANOVAs with the raw bias as the dependent variable, and Sex and Sample as categorical effects were performed for those observer pairs who examined two or more samples or their data were not covered by the above analysis. A significant (or nearly so) effect of Sex was revealed for ESR-VFO and ESR-AC biases, and a strong effect of Sample was revealed for ESR-VFO biases (table 3) .
A nested design ANOVA, Sex × Measuring device, Observer(Measuring device) was run to check if the bias to ESR differs between observers which used ruler (ESR and OIZ), mechanical callipers (NAB, VFO, MF, and AC), and digital callipers (RSS, VNK, KL, MAC, and AK). To incorporate the reference observer in this analysis, biases of his repeated measurements vs first measurements were added. The effect of Observer (nested in Measuring device) was highly significant (F 8 = 17.15, P < 0.001), whereas that of Sex (F 1 = 2.52, Table 3 . Two-way ANOVAs with inter-observer bias as the dependent variable, and Sex or Sex and Sample as the categorical effects. As no significant Sex × Sample interaction was revealed, the model with main effects only is presented. 
Discussion
Our study revealed highly significant interobserver biases for measuring SVL in the Eurasian common lizard. However, for the vast majority of the tested researchers, mean bias located within 2 mm in raw values and within 3.5% relative to the specimen's SVL. Mean intra-observer biases, as tested for two observers, ranged within 0.7 mm and hardly can solely explain the above inter-observer pattern.
For several traits of external morphology in birds, inter-observer variability was also higher than that within observers (Goodenough et al., 2010) . Another factor which could contribute to the inter-observer variability is measuring device (e.g., Jordaens et al., 2002) . Although the structure of our data does not allow a rigorous testing this effect, our analysis clearly argued for a minor impact of this factor to the overall interobserver variability pattern (see also fig. 2 ).
The considered measurement biases are not negligible but they are much less than the known magnitude of the geographic variation in Zootoca vivipara: mean SVL of gravid females in the Asian part of its range varied from 54.3-73.2 mm (Orlova, Kuranova and Bulakhova, 2005) . Pérez-Mellado and Gosá (1988) provided means and standard deviations for two test samples of adult Podarcis muralis (n = 33) and P. liolepis [formerly P. hispanica] (n = 30) measured by two observers. Mean interobserver bias for SVL was 0.47 mm for the first and 0.35 mm for the second sample; these values constitute respectively 0.8% and 0.6% of mean SVL averaged for two observers. These values are close to the lower values from the range of biases among eleven observers in our study (table 2; fig. 1 ).
For another confounding factor due to data heterogeneity, the shrinkage due to fixation and preservation, a SVL bias of 3.7% was reported Figure 2 . Distribution of mean inter-observer biases by measuring device. Unlike in table 2, data for different study samples are pooled to provide one data point for each observer. For ESR, bias of repeated measurements vs first measurements was used to incorporate the reference observer in this analysis. Ruler was used by ESR and OIZ; mechanical callipers by NAB, VFO, MF, and AC; digital callipers by RSS, VNK, KL, MAC, and AK.
for young iguanas (Vervust, Van Dongen and Van Damme, 2009) .
Although moderate and without consistent fashion, inter-observer bias could differ between sexes (table 3) . As the bias did not show correlation with specimen's SVL within sexes these differences can hardly be determined by sexual size dimorphism per se. We hypothesize they can be due to sex differences in overall elasticity of the pre-caudal part of lizard's body. Female body is likely to be more elastic because its hard part (head) is shorter while the softer part (abdomen) is longer than in males (Braña, 1996; Kratochvíl et al., 2003) . Then, if one observer tends to stretch (straighten out) lizard's body stronger than the other, the resulting increment in the recorded SVL should be generally greater for female specimens. The bias is not expected to be sex-specific however, if two observers stretch the specimen at similar rates but differ in other aspects of their realized conception of the character. These aspects may concern actual landmarks for the tip of snout and for the vent, and reading the values from the device. Biases of the latter two kinds can be termed terminal effects as they relate to the endpoints of the body part to be measured. Such biases should be largely independent of the specimen's SVL, and a lack of consistent relationship between bias and SVL within our test series (see Results) suggests their role to be considerable. In line with the latter point, in hard skeletal structures, in which the terminal effects are the only source of intra-and inter-observer biases, relative measurement error tends to be negatively related to the character mean (Yezerinak, Lougheed and Handford, 1992; Palmerim, 1998) .
The bias between ESR and VFO was found to vary among study samples (tables 2, 3; fig. 1 ). Whereas Samples 3 and 4 showed a consistent negative bias of −0.63 to −1.04 mm, there is no consistent bias for Sample 5. This pattern is likely to explain with a (unconscious) temporal shift of observer's conception of character, i.e., intra-observer bias (Lee, 1982 ; this study): whereas ESR measured all these samples within a few days in October 2009, VFO examined Sample 5 some 20 years later than Samples 3 and 4. As the three samples did not differ considerably in preparation quality this potentially important factor is not a likely alternative reason for the above pattern.
As for the biases within pairs of a supervisor & her/his former student (VNK & NAB and MAC & AK) they did not tend to be more similar than those of independent observers (table 2; fig. 1 ). Therefore, all observers in this study can well be treated as independent researchers in terms of their recording SVL.
Even though a causal analysis of inter-and intra-observer biases may be too complicated (in relation to the efforts we are ready to invest in it) and not strictly necessary, a merely descriptive investigation of this phenomenon should help to more appropriately consider external morphometric data. If, for instance, larger mean values come from an observer with a positive bias the magnitude of differences we can trust should be higher than in cases where the among-sample differences and the interobserver bias show opposite directions. We are advising the researchers who intensively collect SVL and other morphometric data to consider testing intra-and inter-observer biases.
If a researcher is recording morphometric data for the same species over considerable time, particularly in a discontinuous fashion, a repeated measuring at least ten specimens of each sex is recommended to control for a temporal shift of his/her conception of character. A reasonable practice of monitoring interobserver biases, particularly for widespread species or other species which are intensively studied by multiple observers, could involve establishing of test samples available for reexamination and subsequent publishing of the results on a website or as an appendix to a journal paper.
